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1 
Executive summary 
The 2013 EU strategy on adaptation to climate change aims at contributing to a more climate-resilient Europe. 
However, there are still large gaps in understanding and characterising climate impacts in Europe and how 
impacts in the rest of the world could affect Europe. This report provides quantitative modelling-based results 
from biophysical and agro-economic models as part of the PESETA-IV (Projection of Economic impacts of 
climate change in Sectors of the European Union based on bottom-up Analysis) project. We analyse climate 
change projections for 2050 considering the Representative Concentration Pathway (RCP) of 8.5 W/m2 (with 
corresponding global warming levels ranging between 1.6 oC and 2.7 oC compared to pre-industrial levels), as 
well as for 1.5 °C and 2 °C warming conditions. Results show that climate change will pose a threat to global 
food production in the medium to long term, and that Europe will also be affected. Forced by the projected 
changes in daily temperature, precipitation, wind, relative humidity, and global radiation, grain maize yields in 
the EU will decline between 1% and 22%. In addition, wheat yields in Southern Europe are expected to decrease 
by up to 49%. However, in Northern Europe some of the negative productivity effects caused by climate change 
may be partially offset by higher levels of atmospheric CO2 concentrations and changing precipitation regimes. 
Losses, especially in Southern Europe may be reduced by tailored adaptation strategies; e.g. changing varieties 
and crop types, increasing and improving irrigation practices for certain crops and when economically feasible. 
However, limitations on sustainable water abstraction levels could become a barrier to increase irrigation levels, 
specifically in the Mediterranean countries (particularly Spain, Portugal, Greece, Cyprus, Malta, Italy and Turkey) 
where duration of water scarcity under global warming are projected to intensify. As large negative climate 
change impacts on productivity outside of the EU are estimated, large market spill-over effects will push up 
production in both Northern and Southern Europe through higher demand for some agricultural commodities 
outside of EU, resulting in higher producer prices. This, in turn, may benefit farmers' income and have positive 
effects on the EU’s agricultural commodity exports. However, other limiting factors (not all fully integrated into 
the used modelling system yet), such as increasing water shortage in Southern Europe (Task 10) and constraints 
on the expansion of irrigation, increasing impacts of heatwaves and droughts, consequences of reduction of 
nutrient use due to environmental and climate mitigation constraints, need to be further evaluated. 
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1 Introduction 
The PESETA-IV (Projection of Economic impacts of climate change in Sectors of the European Union based on 
bottom-up Analysis) project provides quantitative modelling-based support to European Commission services 
on the impacts of climate change in the EU. Estimations of climate change impacts are essential to design 
adaptation and mitigation policies to minimise the negative effects of climate change and maximise the 
beneficial ones. As in the previous phases of the PESETA project, PESETA II (European Commission, 2014) and 
PESETA III (European Commission, 2018a), PESETA IV uses a three-stage approach: (1) bias-adjustment of 
selected regional climate model simulations in Europe, (2) biophysical impact modelling to estimate the sectorial 
impacts, and (3) model-based economic evaluations across multiple sectors of the estimated impacts. 
Compared to earlier PESETA projects, PESETA-4 benefits from some key modelling improvements in the 
biophysical modelling with respect to soil-crop interactions, the representation of the CO2 related processes, the 
crop calibration, and a wider range of climate model scenarios. The economic evaluation for the first time 
includes a global climate perspective, profiting from the availability of a range of global crop-model climate 
change simulations. This report provides an integrated overview of biophysical (crop) modelling and agriculture 
economic modelling results. 
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2 Methodology 
2.1 Biophysical crop modelling 
The crop modelling approach chosen for PESETA IV takes advantage of a new modelling framework developed 
to deal with the high computational demand of high-resolution regional climate model simulations and address 
some of the issues identified in the prior PESETA III project, especially on the parametrised crop responses to 
elevated atmospheric CO2 concentrations. This innovative modelling environment builds on the WOrld FOod 
Studies (WOFOST) crop model, as used and calibrated in the MARS crop yield forecasting system (MCYFS). This 
system is operationally used to provide end-of-season crop yield forecasts for Europe and neighbouring regions, 
and contributes to the global agricultural market information system (AMIS).  
Ten EURO-CORDEX regional climate model simulations at a spatial resolution of approximately 12 km were 
selected to estimate climate change impacts under the mid-range mitigation emission scenario (RCP4.5) and 
the high-end emission scenario (RCP8.5). Gridded bias-adjusted daily temperature and precipitation from 
Dosio (2016) were used, together with other meteorological variables (e.g. wind, relative humidity, global 
radiation), as input to the crop model and to obtain yield estimates for the 21st century (until 2080) to be 
compared with the historical period (1981-2010). The simulations include the main annual crops grown in 
Europe: wheat, grain maize, barley, sunflower, winter rapeseed and sugar beet. In this report we focus on 
WOFOST results for wheat and grain maize, since the results are more robust due to availability of observational 
crop data allowing us to better calibration. The simulations are based on the assumptions of specific agro-
management conditions and additionally integrate some simplified adaptation options. 
Water limitation effects are evaluated by simulating both fully-irrigated (potential) and rain-fed conditions. As 
irrigation is an important agro-management option, differences in rain-fed and fully-irrigated simulation results 
provide information on the potential benefits of keeping the current irrigation infrastructure and installing 
additional capacity. It also provides insights for regions (in particular, Southern Europe, see Task 10 for details), 
where, due to depletion of groundwater extracted for irrigation or intensified and longer water scarcity due to 
global warming, future irrigation may become impracticable. However, these limitations are not quantified in 
the current analysis. The other tested adaptation strategies include changing sowing dates and crop varieties; 
practices that farmers to some extent will endogenously adopt as soon as new varieties (with better 
performance in terms of yield, quality and resistance to unfavourable climate conditions) enter the markets.  
Several key-agronomic processes are not yet included in the current modelling framework (See Table 1). For 
instance, nutrient limitations are not considered here, as in most of Europe crops are (more than) sufficiently 
fertilized. This omission may become a larger issue when assessing ambitious climate mitigation scenarios that 
require substantial nutrient limitations. While the effects of drought events are integrated into the modelling 
system, heat stress effects in the critical plant-growth phase of flowering and grain filling are only partially 
considered, as the impacts of warm temperature extremes at anthesis are not represented. In addition, heavy 
rainfall conditions are not accounted for at all. Negative impacts of over-wet conditions, and biotic stresses 
(‘pest and diseases’) are not included, as reliable parameterizations are not yet available. Existing widespread 
as well as emerging pests in the EU may cause severe losses at some crops with rising temperatures. All these 
missing factors may lead to an underestimation of climate change impacts on agriculture; however, adapted 
agro-management practices may help in counterbalancing those negative impacts. In the coming years, efforts 
in crop modelling development should therefore go towards better representation of climate extremes and 
biotic stresses as well as dynamic locally adapted agro-management practices.       
Projections of future atmospheric CO2 concentrations from IPCC 2013 according to the RCP8.5 and RCP4.5 
scenarios are used to run the crop growth model. 
2.2 Agro-economic modelling 
For the agro-economic analysis, a similar approach is followed in here as in PESETA III (Pérez Domínguez and 
Fellmann, 2018), but extending the analysis domain from Europe to global. The economic impacts of the 
biophysical yield changes on production, land use, consumption, income, prices and trade in EU by 2050 are 
simulated using the Common Agricultural Policy Regionalised Impact (CAPRI) modelling framework (www.capri-
model.org). The CAPRI model is a partial equilibrium, large-scale economic, global multi-commodity, agricultural 
sector model (Britz and Witzke, 2014). The projected economic impacts are analysed in a comparative-static 
framework where the simulated results are compared to a baseline scenario that is calibrated on the Agricultural 
Outlook published by the European Commission (European Commission, 2017). This baseline socio-economic 
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scenario considers by 2050 a Shared Socioeconomic Pathway 2, a 'middle of the road' world emerging from 
trends following historical patterns (Riahi et al., 2017). 
Figure 1 displays the planned and realized integration between the biophysical and agro-economic models. It 
can be noticed that the initial idea was to use the simulated yield effects by the EURO-CORDEX regional climate 
models in CAPRI. 
 
Figure 1. Information flow between biophysical and agro-economic models in PESETA IV. 
Source: own illustration 
However, the approach followed for the biophysical crop modelling needs to be modified for the agro-economic 
analysis, because yield projections from the EURO-CORDEX regional climate models used in section 2.1 cover 
only Europe, a limitation already present in PESETA III. Without taking into account explicit climate change 
effects in the other world regions, the economic response of global agricultural markets and the consequences 
for European agro-economic effects cannot be assessed appropriately, as this may lead to both under- or 
overestimation of the EU agro-economic effects. Since agricultural markets are globally connected via world 
commodity trade, it is necessary to consider consistent biophysical yield shocks in EU and non-EU countries 
(from global climate model simulations) to feed our agricultural economic model. Thus, we used the simulations 
provided by the Inter-Sectoral Impact Model Inter-comparison Project (ISI MIP) Fast-Track simulation database 
(https://www.isimip.org/). With this approach (orange arrows in Figure 1), we were able to quantify consistently 
the economic spill-over effects of climate change impacts globally for Europe through changes in agricultural 
commodity trade (red area in Figure 1), which is one of the novelties of PESETA IV. The ISI-MIP Fast-Track 
simulation database provides yield changes per region and crop over the period 2011 to 2100, relative to the 
average of historic 30-year period (1981-2010), taking into account interactions between five General 
Circulation Models (GCMs) and seven Global Gridded Crop Growth Models (GGCMs) . The ISI-MIP Fast-Track 
simulation database provides yield changes per region and crop over the period 2011 to 2100, relative to the 
average of historic 30-year period (1981-2010), taking into account interactions between five General 
Circulation Models (GCMs)1 and seven Global Gridded Crop Growth Models (GGCMs)2. The ISI-MIP regional crop-
specific yields also take into account the limitation of water availability as WOFOST, separating irrigated and 
rain-fed agricultural production. However, in the CAPRI version used for this project, yields are not separated 
and the ISI-MIP data had to be aggregated defining an average yield by combining both the irrigated and rain-
fed yields with the total irrigated and rain-fed areas in the CAPRI world regions considered. In addition, it should 
be noted that the agricultural management options in the GGCMs differ from the ones in CAPRI. In some of the 
                                           
1 HADGEM2-ES (Jones et al. 2011), IPSL-CM5A-LR (Dufresne et al. 2013), MIROC-ESM-CHEM (Watanabe et al. 
2011), GFDL-ESM2M (Dunne et al. 2013a; Dunne et al. 2013b), NorESM1-M (Bentsen et al. 2013; 
Iversen et al. 2013). 
2 EPIC (Williams 1995), LPJmL (Bondeau et al. 2007; Müller and Robertson 2014), pDSSAT (Jones et al. 
2003; Elliott et al. 2014), PEGASUS (Deelman et al. 2015), LPJ-GUESS (Smith et al. 2001), GEPIC 
(Liu et al. 2007), IMAGE (Alcamo 1994). 
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GGCMs the management decisions (for example fertilizer application) are fixed by the historical average for all 
future years (i.e. no adaptation), whereas in CAPRI they depend on the input prices or the yield changes due to 
climate change (Table 1). As in the WOFOST biophysical modelling, extreme events and biotic stresses were not 
considered in the ISI-MIP simulations. Given the combination of five GCMs and seven GGCMs, we simulated 35 
yield shock scenarios with CAPRI, focusing on yield changes (“shocks”) in 2050 (compared to 1981-2010) for 
five crops: wheat, barley, grain maize, rice and soya. The yield shocks in the EU regions were added to the 
baseline projected yields in the year 2050, which only considers economic and technology-driven yield changes. 
For non-EU regions it was assumed that production changes according to the yield shocks, as non-EU yields are 
not specifically reported in CAPRI.  
Table 1. Summary of features included in the models 
 ISI-MIP GGCMs WOFOST CAPRI 
CO2 fertilization yes yes no 
no CO2 fertilization yes yes yes 
water availability yes yes no 
management practices fixed to historical averages endogenous endogenous 
nutrient limitations no no no 
extreme events no partially no 
biotic stresses no no no 
 
Similar to the other sectoral analyses done in PESETA IV, simulations consider the Shared Socio-Economic 
Pathway 2 (SSP 2)3, along with the RCP8.5 and assume no enhanced yield from CO2 fertilization. The economic 
analysis was based on global ISI-MIP crop-model/climate scenarios, which did not include the potential yield 
increases from elevated CO2 levels. While the general effect of CO2 on crop yields (e.g. wheat) is now well 
understood, the effective impact will strongly depend on other management practices and climatic conditions, 
which are much less well understood in many other regions of the world. The generally larger uncertainties in 
other world regions, included in the ISI-MIP global simulations, did not justify inclusion of CO2 effects in that 
modelling framework, although it may be included in future simulations. The effects of elevated atmospheric 
CO2 can be substantial in Europe (Section 3.1) and other developed world regions where crop growing conditions 
are optimised, but high uncertainties remain in developing regions, where several yield-limiting factors (e.g. 
nutrients, water, management factors) may play a key role. In addition, the influence of extreme climate events 
may also influence the CO2 fertilization yield effect. Future global climate-biophysical model ensembles are 
expected to include this extreme climate dimension, which will allow for a more accurate impact analysis.  
 
 
  
                                           
3 GDP and population projections for 2050 used by CAPRI are in line with the 2015 Ageing Report used in PESETA 
IV (European Commission 2015). 
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3 Results 
3.1 Biophysical projected yield changes 
In this section, we show the main results obtained from the RCMs projections analysed for a 20-year period 
when the mean global temperature increases reach 1.5 °C and 2 °C. In the ten RCP8.5 model realisations the 
central year of these two periods ranges from 2018 to 2029 for the 1.5 °C warming conditions, and from 2030 
to 2044 for the 2 °C global warming conditions. 
While other crops were also modelled and taken into account in the global crop yield projections used in CAPRI, 
in the discussion below we focus on the two most important crops (grain maize and wheat), which display rather 
different spatial responses to projected climate change. Results are presented separately for Northern Europe 
and Southern Europe (Annex 1). 
3.1.1 Grain maize 
Grain maize is projected to be the most affected crop by climate change in Europe. Under fully irrigated 
conditions, substantial yield reductions are estimated for most producing countries, being more severe in 
Southern Europe in all scenarios. For the 2 °C warming conditions (which under the RCP8.5 is reached in the 
2030s/2040), Northern Europe is projected to experience mean yield decreases ranging from -1% to -14%; 
while larger decreases (-4% to -22%) are projected for Southern Europe. The benefits of limiting global warming 
to 1.5 oC are clearly visible, with fewer regions exceeding yield losses larger than 10%. Nevertheless, overall 
patterns of yield losses and gains are similar for the two time periods. Positive changes, but with low agreement 
among climate model realisations, are projected in a few regions of Northern Europe (with somewhat larger 
areas in the 1.5 oC warming scenario), resulting in 5% yield gains around 2050 in the Netherlands and Lithuania. 
As grain maize is in most of Europe an irrigated crop, these simulations assume that the full irrigation 
infrastructure will stay in place and sufficient water will be still available. If this were not the case, under rain-
fed conditions, a collapse of the European maize production around 2050 is projected, with yield decreases 
larger than 23% in all the EU countries and exceeding 80% in some Member States such as Portugal, Bulgaria, 
Greece and Spain. Therefore, in regions with unsustainable water use (i.e. using  ground water instead of 
renewable water) and where projected precipitation significantly decreases, maize production will no longer be 
viable. Tested adaptation strategies (e.g. changing sowing dates and sown variety to avoid heat stress and 
drought conditions, not shown) will not be sufficient to cope with negative impacts of climate change. Breeding 
new varieties more resistant to both drought and heat stress and having the same yield potential might 
contribute to partially alleviate the estimated impacts of climate change (e.g. Cairns et al. 2013), but its 
feasibility as an adaptation strategy for the future of the European agriculture must be investigated. A 
comprehensive assessment of the impacts of water-limitations would require a modelling framework coupling 
crop growth, hydro-dynamic and economic models. In the modelling system used in this section, there is no 
hydro-dynamic component, and the crop model assumes static (i.e. not changing in time) land-use and water-
availability (i.e. unrestricted water for irrigation). Testing more complex adaptation strategies, with potentially 
larger benefits, would require the integration of dynamic agro-management modelling in the crop growth model 
which is at the moment still in the early phase of development. 
 
Figure 2. Ensemble mean changes of grain maize yield (% relative to the historical period) projected under the RCP8.5 for 
1.5 oC (left panel) and 2 oC (right panel) warming conditions, and assuming irrigated conditions. Hatching denotes areas 
with low models’ agreement (i.e. less than 66% of models agree in the sign of estimated changes). 
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Figure 3. Ensemble mean changes of grain maize yield (% relative to the historical period) projected under the RCP8.5 for 
1.5 oC (left panel) and 2 oC (right panel) warming conditions, assuming that no irrigation will be possible (i.e. rain-fed). 
Hatching denotes areas with low models’ agreement (i.e. less than 66% of models agree in the sign of estimated changes). 
3.1.2 Wheat 
For wheat yield changes, there are large uncertainties in the estimated impacts of climate change, connected 
to highly variable projections of precipitation (Figure 4). In contrast to grain maize, wheat is mostly a non-
irrigated, rain-fed crop in Europe. Simulations (under the RCP8.5 scenario) show yield increases for Northern 
Europe around 2050, ranging from 5% to 16% for eight out of ten models. Conversely, all models but one 
project yield reductions for Southern Europe around 2050 reaching up to -49%. No large differences are 
estimated among the two 1.5 oC and 2 oC warming conditions, with beneficial effects of staying within 1.5 oC 
mainly visible in the Iberian Peninsula and Italy. The yield increases in Northern Europe are driven by increasing 
amounts of precipitation combined with a shorter growing cycle and increasing atmospheric CO2, under RCP8.5 
reaching mixing ratios of 540 ppm in 2050. The losses projected for Southern Europe corroborate the 
experimental evidence of limited/no positive CO2 effects on wheat under limited water conditions. Large 
uncertainties are, however, affecting these results.  
If irrigation infrastructure would be built in wheat growing areas, and assuming sufficient water availability, 
losses could turn into yield gains in all Europe, and overall yield variability would decline. This option would need 
thorough analysis of economic feasibility and sustainability issues. While for grain maize the effects of the 
tested adaptation options are very limited, changing wheat varieties may have a larger beneficial potential. 
Under rain-fed conditions, the use of ‘faster’ wheat varieties, which reach the flowering stage earlier, may avoid 
negative climate change effects and in some cases even give rise to increasing yields (results not shown). 
However, it is important to highlight that the effects of climate extremes, such as heat stress and drought, are 
likely underestimated due to missing processes (e.g. an accurate description of heat stress impact on crop 
development at anthesis) and oversimplified description of the soil-plant/canopy-atmosphere interaction in 
models. The extreme climate conditions experienced in 2018 have shown how heavy losses can be triggered by 
such events even in regions supposed to be (on average) experiencing positive agro-climatic changes 
(Toreti et al. 2019a). Europe-wide wheat production was estimated to be down by 5 % compared to the previous 
5 years. Furthermore, nutritional aspects are not included in the model, while they are expected to be of concern 
under elevated atmospheric CO2 concentrations. 
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Figure 4. Ensemble mean changes of wheat yield (% relative to the historical period) projected under the RCP85 
for 1.5 oC (left panel) and 2 oC (right panel) warming conditions under rain-fed (no irrigation) conditions. Hatching 
denotes areas with low models’ agreement (i.e. less than 66% of models agree in the sign of estimated 
changes). 
3.2 Agro-economic effects  
The CAPRI simulation results are presented as box-whisker plots, displaying the variability and range by crop 
and country around the median of the different scenarios (see Annex 2 and 3). It is important to point out that 
due to the different underlying simulations with global climate models (GCMs), the variability in the obtained 
effects in 2050 can be linked to different global warming levels, ranging from 1.6 oC  to 2.7 oC increase in 
temperature compared to pre-industrial (Table 2). 
Table 2. Global warming levels in oC in 2050 and range for the simulated period 2010-2100 based on different global 
climate models. 
GCM Noresm Miroc IPSL Hadgem GFDL 
oC in 2050 1.83 2.75 2.59 2.61 1.64 
Range oC from 2010 to 
2100 
0.53-3.89 0.84-6 0.98-5.45 0.77-5.48 0.5-3.37 
Source: Szewczyk, W. and Müller, C. (2019), Personal communication, 5 September. 
In addition, it should be noted that there is also an important difference in how climate change projections are 
treated in the ISI MIP and the standard PESETA 4 approaches. For instance, a different set of GCMs is considered 
and there is no regional downscaling in ISI MIP. In contrast, the European WOFOST simulations are based on 10 
bias-adjusted RCMs (Section 2.1) at approx. 12 km and then aggregated at the different NUTS levels by using 
current agricultural land and production data. Despite the differences in modelling the climate projections the 
ranges of global warming spanned by the GCMs in ISI-MIP (five models in Table 2) are consistent with the ones 
in PESETA, enabling a qualitative comparison of results obtained for Europe from WOFOST and CAPRI/ISI-MIP. 
3.2.1 Market adjusted yield effects 
Figure 5 shows both the direct (exogenous) biophysical climate change-related yield shocks in the EU from the 
WOFOST and the ISI-MIP projections and the indirect (endogenous) economic impact from these yield shocks in 
CAPRI after rebalancing domestic and international agricultural markets, using ISI-MIP. As explained above we 
only apply the ISI-MIP yield shocks in CAPRI and for comparison we show in Figure 5 the projected yield effects 
from the EU crop modelling exercise (WOFOST). It can be noticed that the WOFOST projections for wheat and 
grain maize in 2050 in Southern Europe as well as wheat in Northern Europe are in line with the ISI-MIP yield 
projections. However, the magnitude differs due to the different underlying assumptions between the models. 
Although statistically overlapping, the largest yield differences are found for grain maize in Northern Europe 
with negative median yield changes projected by WOFOST and positive changes by the ISI-MIP ensemble. 
Another reason for these differences may be due to resolution in the models and the soil modules. 
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The difference in the median, attributable to the different modelling approaches and assumptions, prevents a 
complete use of WOFOST in the economic assessment as associated global yield changes are not available. 
However, it is worth to note that the two ensemble ranges partially overlap.   
It is important to understand that yields and economic responses to yield changes are endogenous in CAPRI. 
Therefore, the simulated yields do not necessarily need to follow the same spatial pattern as the exogenous 
yield shocks. Endogenous yield changes are caused by economic considerations driving farmer management 
decisions. To minimize their losses, farmers might opt to plant more of those crops that show more positive 
yield effects (or produce them in a more intensive way) and less of the crops that show more negative yield 
effects (or produce them in a more extensive way). However, this will influence prices, so that for instance, 
producer prices will decrease for those crops that are produced more, and reversely prices will increase for the 
crops that are produced less. The price changes further influence farmers' decisions, by modifying the use of 
inputs per hectare, thus yields, provoking more re-adjustment in crop allocation. Moreover, adjustments also 
take place outside the EU with regard to the EU production decisions, and vice versa. Market interactions through 
international trade of agricultural commodities occur simultaneously, so that depending on the region a further 
re-adjustment of markets is observed. Differently than in WOFOST, water availability constraints and the effect 
of elevated atmospheric CO2 concentration are not considered in the adjustment of farm practices in CAPRI. In 
addition, changes in crop varieties and sowing dates are also not considered in the adjustment of farm practices. 
A comprehensive assessment of the impacts of water-limitation would require a modelling framework explicitly 
coupling crop growth, hydro-dynamic and economic models. 
Figure 5. Northern and Southern Europe crop yield changes (exogenous yield shocks (WOFOST/ISI-MIP) and endogenous 
response (CAPRI)) in 2050 relative to the baseline. 
Source: own elaboration, CAPRI model 
Note: WOFOST uncertainty range reflects the range of 10 different RCP8.5 scenario results. ISIMIP and CAPRI uncertainty 
ranges reflect the different combinations of crop and climate model simulations. 
The boxplot displays the median, two hinges and two whiskers of a continuous variable distribution. The lower and upper 
hinges (coloured bars) correspond to the first and third quartiles (the 25th and 75th percentiles). The upper whisker extends 
from the hinge to the largest value no further than 1.5 than the inter-quartile range (IQR), or distance between the first and 
third quartiles. The lower whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge. Data beyond 
the end of the whiskers are "outliers" points and are plotted individually as dots. 
Figure 5 shows that the median crop-specific yields in Northern Europe will be positively affected by climate 
change, as coming from the ISI-MIP climate-biophysical model ensembles. On the contrary, cereal producers in 
Southern Europe will be in general more negatively affected. Barley, grain maize and wheat are the crops most 
affected by climate change in Southern Europe, with a sizeable yield reduction (-10%,  6% and -9%, 
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respectively), consistent with the WOFOST biophysical modelling results reported in section 3.1.1. However, the 
interplay (spill-over) of climate change impacts in other important production regions outside of Europe and 
trade adjustment leads to different changes in endogenous yields around the median with ±15% uncertainty 
in the European regions. In Northern Europe, despite bio-physical yield increases due to climate change (i.e. 
longer growing season and precipitation changes), endogenous yields are lower after market re-adjustments. 
As explained above, higher supply of crops with positive effects will result in price reductions and incentivize 
farmers to focus on other crops, here barley and grain maize. Nonetheless, the yields remain positive and, 
despite the large uncertainty, are consistent with the projected yield changes from both the ISI-MIP and WOFOST 
crop modelling. In Southern Europe, wheat yields, despite being heavily affected (-9% median effect) by climate 
change, respond positively to the global market adjustment (2% endogenous median yield increase). The same 
is noticeable for grain maize: -5% direct climate change median effect but 3% endogenous median yield 
increase with higher spread on the positive side. Due to the different market adjustments, the projected overall 
median yield changes in Southern Europe are not fully consistent with the projected changes from the WOFOST 
biophysical modelling. 
3.2.2 Production effects 
As a result of the positive yield adjustments, agricultural production indicators (i.e. area, gross/net farm income, 
production level) both in the Northern and Southern Member States are expected to be positively affected in 
most of the scenarios (Figure 6). It has to be noted that the indicated area expansion occurs at the expense of 
other crops with lower relative profitability. In addition, area expansion is not limited by factors such as water 
availability or quality, which is especially important, e.g., for rice producers as these factors are not considered 
in the current agro-economic analysis. 
 
Figure 6. Changes in crop area, farm income and supply in Northern and Southern Europe in 2050 relative to 
the baseline. 
Source: own elaboration, CAPRI model 
Note: The boxplot displays the median, two hinges and two whiskers of a continuous variable distribution. The 
lower and upper hinges (coloured bars) correspond to the first and third quartiles (the 25th and 75th 
percentiles). The upper whisker extends from the hinge to the largest value no further than 1.5 than the inter-
quartile range (IQR), or distance between the first and third quartiles. The lower whisker extends from the hinge 
to the smallest value at most 1.5 * IQR of the hinge. Data beyond the end of the whiskers are "outliers" points 
and are plotted individually as dots. 
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In Northern Europe, soybean area and supply are increasing the most, but they also display large variability 
around the median (20%), with increases up to 75% in some scenarios, and slightly negative in others. This 
large variability can be explained by the fact that soybean production in the EU is concentrated in a relatively 
small area (around 0.5% of the total utilized agricultural area (UAA) in the EU; European Commission, 2018b) 
and, therefore, production is quite sensitive to large yield changes induced by regional climate change (Figure 
5). Grain maize, rice and wheat area, and consequently production, are also expected to increase in Northern 
Europe by about 10% (median effect). However, similar to soybeans, the EU rice production is concentrated on 
an even smaller area mainly in some regions in Southern Europe (0.25% of total UAA; European Commission, 
2018b). Therefore, the large relative changes plotted for rice and soybean should be interpreted with care 
because these impacts are rather small in absolute terms. The production of barley in Northern Europe is 
projected to remain stable.  
Similar to Northern Europe, area expansion and supply in Southern Europe is expected to increase for the five 
crops analysed. Again, soybean displays the largest variability. Rice supply (9% median effect) is lower than the 
area expansion due to lower yield effects than in Northern Europe (Figure 5). Even though wheat relative 
changes are smaller than rice and soybean, wheat changes are much more important because they involve a 
much higher volume at aggregated level. The same holds for grain maize and barley. Thus, the increase in 
barley area and supply in Southern Europe (4% around median) is more important because of the higher 
endogenous yields. 
The higher crop production (area and supply) is reflected in lower producer prices. However, Figure 7 displays 
that in both parts of Europe producer prices are projected to increase, ranging from 3% (grain maize) to 30% 
(rice) around the median. The main reason is that the EU production is mainly export oriented (see next section 
for details). As a consequence of the large price increase for rice producers, their income is projected to increase 
by around 60% (median effect) in Northern Europe and more than 70% in Southern Europe (Figure 6). However, 
it can be noticed that there is high variability in the farm income as a result of the high variability in supply. 
Large price variation can also be seen for wheat and soybean producer prices, with positive median effects, 
which is reflected in very large farm income variability especially for wheat producers in Northern Europe. 
Consumer prices in both regions are in general much more stable due to inelastic demand (see next section for 
details).
Figure 7. Changes in Northern and Southern Europe consumer and producer prices in 2050 relative to the baseline. 
Source: own elaboration, CAPRI model 
Note: The boxplot displays the median, two hinges and two whiskers of a continuous variable distribution. The lower and 
upper hinges (coloured bars) correspond to the first and third quartiles (the 25th and 75th percentiles). The upper whisker 
extends from the hinge to the largest value no further than 1.5 than the inter-quartile range (IQR), or distance between the 
first and third quartiles. The lower whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge. Data 
beyond the end of the whiskers are "outliers" points and are plotted individually as dots. 
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Note that, due to a lack of quantitative data and models availability, in this study livestock commodities were 
assumed to be not directly affected by climate change (e.g. increasing temperature, higher flood risk) in the 
scenarios, but indirectly through the effects on feed prices and trade, which are transmitted to dairy and meat 
production. In reality, certain temperature increases due to climate change may severely threaten livestock 
productivity, especially if no adaptation strategies will be put in place. Since the EU barley and grain maize 
production is not decreasing in most of the scenarios, with very moderate price increases, the EU livestock 
production can profit and slightly increase for beef (0.5%), poultry (0.7%) and pork (0.3%) median results. Dairy 
production is also benefiting from the increase in the supply of barley and grain maize, but increases only 
marginally (0.1%). Nevertheless, the income effect is much larger for pork (6%), beef (5%), poultry (3.5%) and 
dairy (1%) producers. This is an effect of price increases, which are demand driven by higher exports: pork 
(2.5%), beef (2%), poultry (4%) and dairy products (2%). Climate change outside of the EU (see Annex 4) affects 
negatively barley and grain maize yields in regions such as the USA, Russia, Ukraine and Brazil, which results 
also in negative effects for livestock production in these regions. The livestock producers in the EU may benefit 
from these negative effects in the non-EU countries in addition to positive yield changes for feed grains in the 
EU. 
3.2.3 Domestic use and trade effects 
Domestic consumption in both Northern and Southern Europe is negatively affected (in the median) over the 
different scenarios for wheat and soybeans, slightly positive for barley, and positive for grain maize and rice 
(Figure 8). The higher domestic consumption of barley and grain maize can be explained by higher EU livestock 
production, which is, as explained above, actually benefitting from both higher adjusted endogenous yields in 
Europe and lower production in some non-EU countries (Figure 5). Grain maize domestic consumption in 
Northern Europe displays the largest uncertainty in regions where livestock production is more pronounced 
(Figure 8). 
 
Figure 8. Changes in EU demand and domestic consumption in 2050 relative to the baseline. 
Source: own elaboration, CAPRI model 
Note: The boxplot displays the median, two hinges and two whiskers of a continuous variable distribution. The lower and 
upper hinges (coloured bars) correspond to the first and third quartiles (the 25th and 75th percentiles). The upper whisker 
extends from the hinge to the largest value no further than 1.5 than the inter-quartile range (IQR), or distance between the 
first and third quartiles. The lower whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge. Data 
beyond the end of the whiskers are "outliers" points and are plotted individually as dots. 
Rice demand and domestic consumption in the EU are both projected to increase. This is mainly driven by the 
export-oriented production (Figure 9), because other countries outside of the EU such as India, China and the 
USA (Annex 4) are expected to have negative effects on rice production due to climate change. Hence, EU rice 
13 
production becomes more export-oriented leading to higher demand and use. However, the EU will still remain 
a large net importer of rice4. Despite the high relative changes, the absolute quantities concerned for all these 
changes are rather small. As a result of the production development, consumer and producer prices for rice are 
expected to increase (Figure 7). However, the large price variability is reflected into large uncertainty (spread) 
for domestic use. 
The projected decline in domestic use for wheat and soybean in both regions is mainly due to the increase in 
exports (Figure 9), with most of the export-oriented production originating from Northern Europe, i.e., more than 
50% and 25% increase in exports median effect for wheat and soybean, respectively. However, soybean exports 
are rather small in absolute terms. Wheat exports relative changes should be considered as more important 
given that the EU is already a big wheat exporter in the baseline. The increases in producer prices indicated in 
the previous section are also driven by the trade effect at the expense (losses) of wheat producers in the USA, 
Brazil, India, Africa, etc. as well as soybean producers in Brazil (see Annex 4). Southern Europe exports for wheat 
and soybean are not increasing as much as Northern Europe due to the lower endogenous yield effects (Figure 
5). Still, the small relative changes for wheat are actually large in absolute terms due to the high production 
volumes. Barley production in Southern Europe will be mainly export-oriented due to negative climate effects 
in the USA, China, Russia, and Africa (Annex 4). The interplay between production changes in the EU and other 
major producing countries leads to export increases in wheat, barley, grain maize and soybean (Figure 9), with 
the EU producer prices increasing between 1% to around 7% (median) in both regions. This results in increases 
in the EU producers' income between 25% and 50% in Northern Europe and 10% to 30% in Southern Europe. 
 
Figure 9. Changes in EU exports and imports in 2050 relative to the baseline. 
Source: own elaboration, CAPRI model 
Note: The boxplot displays the median, two hinges and two whiskers of a continuous variable distribution. The lower and 
upper hinges (coloured bars) correspond to the first and third quartiles (the 25th and 75th percentiles). The upper whisker 
extends from the hinge to the largest value no further than 1.5 than the inter-quartile range (IQR), or distance between the 
first and third quartiles. The lower whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge. Data 
beyond the end of the whiskers are "outliers" points and are plotted individually as dots. 
The higher supply of cereals (Figure 6) allows improving the trade balance in the regions for some crops by 
reducing the imports (wheat and soybean). Wheat imports in Northern Europe as well as soybean in Southern 
Europe are declining considerably due to the positive effects of climate change on yields. Barley imports in 
                                           
4  The rice variety Japonica (small/medium grain) is mainly produced and also mainly used in the EU, and for 
which the EU is self-sufficient and even a small net exporter. For Indian long grain rice, the EU is a large net 
importer. 
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Southern Europe are projected to increase substantially. The Member States in Southern Europe are mainly 
importers of barley (on average around four times more imports than exports). Thus, the increase in exports is 
compensated by import increases to keep demand and domestic use balanced. In general, compared to the 
baseline, the EU still remains a net exporter of wheat and barley, and a net importer of grain maize, rice and 
soybean. 
Compared to domestic consumption, the demand in both regions is fairly inelastic for all crops, leading to almost 
no changes in consumer prices median effect. This does not hold for rice domestic demand, which displays a 
small increase because of the increase in domestic consumption. 
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4 Conclusions 
Climate change clearly poses a threat to global food production in the medium to long term, and Europe will 
not be an crops such as wheat or maize in the agro-economic analysis. Pérez Domínguez and Fellmann (2018) 
based on the PESETA III agro-economic analysis, also concluded that considering market-driven effects and 
production adjustments is important when analysing the overall impacts of climate change on the agricultural 
sector. Moreover, our analysis in PESETA IV confirms their conclusion on the need to improve agro-economic 
assessments in terms of consistency in the climate driven biophysical shocks in the EU and the non-EU countries. 
Using a consistent set of biophysical yield shocks as input for the agro-economic analysis in the present PESETA 
IV project shows, for example, considerable smaller positive effects on EU cereals production than the ones 
indicated in PESETA III (16% increase compared to the currently projected 7%). In any case, given the growing 
awareness of opportunities and risks in Europe resulting from agronomic developments in the other producing 
regions of the world, it seems opportune to increasingly invest in understanding EU agricultural production 
exception (e.g. Webber et al., 2018; IPCC 2019). Future crop yields and crop production will depend on an array 
of technological, agro-management, climate-related and socio-economic factors. Moreover, the need for 
adaptation (i.e. in response to future CO2-levels and associated climate trajectories) will depend on the success 
of coordinated international climate change policies. 
In Europe, some of the negative effects of climate change for the so-called C3 crops  (i.e. wheat, barley, and 
sunflower) may be partially compensated by higher levels of atmospheric CO2 concentration. This is true for 
Northern Europe (although models show large uncertainty) but not for Southern European Member States, 
where crop yields are strongly limited by the lower availability of water under projected climate conditions. For 
these crops, tailored adaptation strategies may partly compensate for the estimated crop production losses 
and, in some cases, even increase the production compared to the current levels. Maize, a C4 crop , cannot 
equally (compared to wheat) profit from the projected higher CO2 levels. Grain maize is one of the most affected 
crops by climate change throughout Europe, with simple adaptation options not providing much relief. Therefore, 
climate change might trigger crop replacements in the future, especially with favourable economic factors. 
For Europe as a whole, an increasing divergence of production in Southern Europe (declining) and Northern 
Europe (potentially increasing) may have profound impacts on the mutual reliance and trade patterns across 
the EU Member States if no adaptation strategies will be locally implemented. Changes in agro-management 
(e.g. introducing new varieties and relocating crops, changes in rotation patterns and diversification strategies), 
supported by a well-functioning European market buffering production shocks across Europe, would be needed 
to increase climate resilience of the European food system. Nevertheless, the presented agro-economic results 
provide insights that, the agriculture as an economic sector, in the EU could also have benefits from climate 
change due to the market spill over effects provoked by larger negative impacts on agricultural productivity in 
large producers outside of the EU. Table 3 displays a simple example of such effect for soybean production in 
the EU. Argentina and Brazil soybean yields and production are expected to be affected more than the ones in 
the EU. Despite the negative effects of climate change, EU producers may adapt and reduce yield losses. This 
occurs due to consistent feedback between the EU and the non-EU regions in terms of trade, with direct effects 
on market prices which are affecting farmers' management decisions with regard to farm practices, crop mix 
and input use (fertilizers, seed and plant protection, maintenance and fuel costs, etc.) in both domestic and 
international markets. Since Argentina and Brazil are the major soybean producers and a reduced global 
production leads to an increase in producer prices, this may incentivize EU farmers to increase production (area 
and supply) and make profits despite the climate change induced reduction in biophysical yields. This trade 
feedback and the related market adjustments are the reasons for the projected positive effect on median yield  
for systems, assessing the limitations and risks they are exposed to. 
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Table 3.  Example of the market adjustment effects: Soybeans. 
EU 
Exogenous yield shock -10.7% 
Endogenous yield -3.4% 
Income 37.1% 
Area 23.9% 
Supply 19.7% 
Producer prices 19.4% 
Imports -0.4% 
Exports 42.4% 
Net trade -6.4% 
USA Exogenous yield shock -9.0% 
Argentina Exogenous yield shock -27.0% 
Brazil Exogenous yield shock -26.0% 
Source: own elaboration, CAPRI model simulations based on LPJml yield shocks. 
It is also important to understand the limitations of this study. An important limitation is represented by the 
availability of water in Southern Europe and in parts of Northern Europe, which may aggravate under climate 
change conditions (see task 10 sectoral report). Even though water availability is projected to be an issue for 
many parts of Southern Europe, the economic analysis in this study has not yet taken water limitations into 
account, which is expected to have consequences for the entire agro-economic production system. Therefore, 
including irrigation water pricing, limitations on sustainable water abstraction or investment cost for more 
efficient irrigation systems should be considered in future work. 
It is also important to stress that increased inter-annual variability may have more important implications for 
farmers and markets than the long-term average response. Furthermore, current impact assessments 
underestimate the effects of climate extremes (e.g. heat waves, extreme drought), as these processes are not 
fully taken into account or not included (e.g. the impacts of heavy precipitation on production, quality and 
harvest conditions) in the impact models. Extreme climate events observed in 2018 and 2019 have shown the 
heavy losses that can be induced in the agricultural sector (Toreti et al. 2019a). The expected increase in 
frequency and intensity of climate extremes as well as the projected recurrent and concurrent events in key 
producing regions of the world (Toreti et al. 2019a, 2019b) may trigger yield and production losses, inducing 
higher price variability and altering global food markets (Chatzopoulos et al. 2019; Toreti and Perez-Dominguez, 
2019), which can be a serious threat to food security. Within the proposed agro-economic framework, the trade-
adjustments will take place endogenously. The extreme events can be offset or food security facilitated by 
stockholding of agricultural commodities or tailored trade policies. However, these aspects are currently difficult 
to quantify with the current modelling framework, which evaluates long-term changes in average conditions. 
Indeed, shocks induced by recurrent and concurrent large-scale extreme events may destabilise the global 
production system and have highly non-linear and long-term effects. 
With respect to the long-term effects it is also important to point out that in the agro-economic modelling, 
investments in infrastructure are not considered. Not being able to have an explicit link between capital 
investments and production, the market adjustments and the net costs of adverse exogenous shocks due to 
climate change may be under/overestimated. However, the comparative static framework of CAPRI makes it 
difficult to incorporate investor and producer behaviour. 
Moreover, some nutritional aspects of crop production are not taken into account in the current modelling 
framework. Protein and mineral concentrations are expected to decrease under elevated atmospheric CO2 
concentration, but these changes in the crop quality and related impacts on producer prices are not reflected in 
the projected positive production effects in Northern Europe.  
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Nevertheless, this study shows that careful management of agricultural producer practices under climate 
change conditions, may also give rise to new export-demand opportunities for farmers. These benefits combined 
with targeted breeding programmes (e.g. towards drought and heat-stress resistant varieties or increased 
genetic diversity crops) may limit yield losses, but need to be evaluated against other constraining factors on 
production. 
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Annex 
Annex 1. Aggregation of Member states in North/South Macro regions.  
 
Note: the geographic borders are purely a graphical representation and are only intended to be indicative. The 
boundaries and the aggregation do not necessarily reflect the official position of the European Commission.   
 
  
NORTH 
SOUTH 
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Annex 2. Specific supply (production) and full variability around the median in 
2050 by crop and GGCM from the ISI-MIP fast track simulations  
 
Source: own elaboration, CAPRI model. 
  
Note: we include here 23 simulation results because in 12 combinations the above displayed crops were not 
exogenously shocked due to unavailable yield changes from the ISI-MIP database 
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Annex 3. Specific supply (production) and full variability around the median in 
2050 by country and crop 
 
Source: own elaboration, CAPRI model. 
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Annex 4. Global climate change ISIMIP-Fast Track median yield changes under the 
RCP 8.5 and SSP2 scenarios for the selected crops in 2050 relative to the 
baseline. 
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Source: own illustration based on ISI-MIP database mapped to CAPRI regions. 
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